I n osteopathic medicine, the lymphatic system plays a key role in health maintenance, with lymphatics identified as 1 of 7 care modalities of osteopathic manipulative medicine. 1 In the past couple of years, a similar system in the brain has been uncovered, termed the glymphatic system. The glymphatic system is currently understood to facilitate the clearance of cerebrospinal fluid (CSF), interstitial fluid (ISF), and interstitial solutes from the brain. With the right osteopathic manipulative treatment (OMT) techniques, there is potential for osteopathic physicians to provide nonpharmacologic treatment for patients with neurologic disorders. In the present article, we describe the current evidence regarding the glymphatic system and identify potential avenues for osteopathic research in this novel area.
brain. The glymphatic system, appropriately named based on its functional similarity to the lymphatic system in the periphery, 11 acts as a brain-wide convective flux of CSF and ISF that is strictly dependent on isoform water channel aquaporin-4 (AQP4) expressed in astrocyte foot processes. 12 It is now clear that aquaporin proteins regulate the movement of water across biological membranes, including astrocytic membranes of the VRS and the BBB. 3 Thus, CSF and ISF, both solute-bearing liquids filtered from the blood, enter the VRS along penetrating arterioles, where they diffuse primarily through AQP4 channels, ultimately emptying into the jugular vein. 3, 11 This glymphatic hydrodynamic process is bidirectional in terms of communication flux and is driven, in part, by respiratory and cardiac pressure pulsations. imaging at high spatial and temporal resolutions. 13 
Lymphatic Vessels in the Brain and the Glymphatic System
The presence of a glymphatic system is further supported by the structural identification of lymphatic vessels in the mouse brain. Lymphatic endothelial cells localized to the meninges (eg, dura mater) appear to be capable of carrying fluid from the CSF and immune cells to deep cervical lymph nodes. 14 
Virchow-Robin Space and Interstitial Flow
The production of CSF is not only derived from the choroid plexus but also from water flux dynamics occurring at the Virchow-Robin space (VRS), where CSF is produced. 7 The VRS is histologically defined as a space that surrounds penetrating arterioles, venules, and capillaries from the subarachnoid space into the brain parenchyma. 3, 7 The flow of CSF and ISF within this pial cell-, endothelial cell-, and glial cell-lined space is referred to as interstitial flow 7 -a flow that does not directly communicate with the subarachnoid space. Instead, CSF interstitial flow directly drains into lymphatic channels at the base of the skull, suggesting a pathway that is equivalent to a drainage system for the clearance of waste molecules from the brain.
The Glymphatic System
The findings that interstitial bulk flow may be drained from the brain via lymphatic channels (ie, cervical lymph nodes) suggest that a conventional lymphatic system might exist in the mammalian brain. A number of recent studies [8] [9] [10] [11] convincingly show the presence of a highly polarized lymphatic vessel system that facilitates the transport of interchangeable CSF and ISF out of the venous efflux system of the mouse brain, and genetic knock-out of the gene encoding AQP4 drastically reduces the clearance of interstitial soluble amyloid-β. 11, 12 Thus, a role of the glymphatic system is to assist in the clearance of unwanted and potentially noxious proteins, and seeking treatments that enhance drainage of amyloid-β and microtubule-associated tau is rational ( Figure 2) . The flow of CSF across the VRS deposits interstitial solutes such as amyloid-β and tau into a paravascular venous sinus harboring glymphatic vessels. These interstitial solutes enter glymphatic vessels within dural sinuses and drain into cervical lymph nodes, bilaterally. The left-and right-sided cervical lymph nodes drain interstitial solutes into lymphatic channels, which then enter systemic circulation via the thoracic duct and right lymphatic duct, respectively.
Osteopathic Manipulative Medicine and the Glymphatic System
Building on the knowledge gathered from existing studies, [7] [8] [9] [10] [11] [12] 14 particularly when performed during forced breathing. 13 It is conceivable, then, that inspiratory thoracic pressure may also contribute to glymphatic transport activity.
We suggest that these 3 independent variables be con- This example highlights the transformative potential cross-talk between the neurosciences and OMM.
Clinically significant advances in the management of neurologic disorders using current OMM techniques will depend, in part, on 3 important questions raised in the following section. 
Conclusion
The glymphatic system represents a novel area for research in the osteopathic medical profession. Increased understanding of the glymphatic-lymphatic continuum may allow the development of rational, effective OMT techniques for neurologic disorders.
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Next Steps: Lymphatic drainage is not well understood.
Researchers must move toward a mechanistic understanding of lymphatic and now glymphatic transport activity physiology, with a greater role for MR imaging and CSF flow measurements. Why It Matters: One of the goals of medicine today is to develop novel therapies that either prevent or delay onset of disease. [30] [31] [32] For this goal to be reached, it is important to validate the usefulness and predictability of the glymphatic system in human clinical trials. As such, developing appropriate OMT techniques that modify disease progression merits further investigation.
